The purpose of this study was to document the level of physical activity and sedentary behavior in a representative sample of Singaporean adolescents. A random sample of 1,827 secondary school students from six secondary schools (929 boys, 898 girls, mean age 14.9 ± 1.2 yr) completed the Three-Day Physical Activity Recall (3DPAR) self-report instrument. Approximately 63% of Singaporean high school students met current guidelines requiring 60 min of moderate to vigorous physical activity daily. Just over half (51.6%) met the guideline calling for regular vigorous physical activity. Across all grade levels, boys were consistently more active than girls. More than 70% of Singaporean high school students exceeded the recommended 2 hours per day of electronic media use. Collectively, these fi ndings suggest that a signifi cant proportion of Singaporean adolescents are not suffi ciently active and are in need of programs to promote physical activity and decrease sedentary behavior.
To date, just three studies have investigated the physical activity levels of Singaporean children and adolescents (9, 13, 28) . The results of these investigations suggest that a signifi cant proportion of Singaporean children and adolescents do not meet current guidelines for physical activity. However, the conclusions of these studies are subject to important limitations. First, two of the three previous studies (9, 13) used small convenience samples that were not representative of the Singaporean population. Second, in the two studies that used self-report methods (9, 28) , the investigators used a brief recall instrument without evidence of reliability and validity in Singaporean adolescents. Third, none of the three previous studies included a comprehensive assessment of sedentary behavior comprising television watching, video-game playing, and computer use. Fourth (and fi nally), none of the previous studies evaluated compliance with contemporary guidelines for youth physical activity and media-based sedentary behavior (3, 30) .
To address these gaps in the research literature, the purpose of this study was to document the level of physical activity and sedentary behavior in a representative sample of Singaporean high school students. Specifi cally, the following research questions were addressed: (1) What are the levels of daily moderate-to-vigorous physical activity (MVPA), vigorous physical activity (VPA), and electronic media use (screen time) in Singaporean adolescents? (2) What infl uence, if any, do gender and grade level exert on physical activity and sedentary behavior in Singaporean youth? and (3) What proportion of Singaporean adolescents meet current guidelines for physical activity and sedentary behavior?
Methods

Sample Design
The investigation used a stratifi ed two-stage cluster sample design. The fi rst stage involved the random sampling of six secondary schools, one from each of the six geographical regions in Singapore. The second stage involved the random sampling of two class groups per grade level (eight class groups per school). All students (n~40) in the class groups selected in stage 2 were invited to participate in the study, providing a target sample of approximately 1,920 students (1,920 = 6 schools × 4 grade levels × 2 class per school × 40 students per class). Before participation in the study, written informed consent was obtained from the school principals, parents or guardians, and students. This study was approved by the University of Queensland Medical Research Ethics Committee and the Ministry of Education in Singapore.
Study Protocol
Students completed the physical activity survey in a classroom setting under the supervision of the principal investigator. Detailed instructions were given to the students using a standardized script. At each survey administration, a teacher walked around the classroom to monitor progress and to answer any questions or address any concerns the students had. The instrument took approximately 30 min to complete. The study was conducted in April 2002, and all assessments were completed within a 3-week period.
Self-Report Instrument
Physical activity and media-based sedentary activities such as television watching, video-game playing, and nonacademic Internet use were measured using the Three-Day Physical Activity Recall (3DPAR) (24) . The 3DPAR is an extension of the previously validated Previous Day Physical Activity Recall (PDPAR) (33, 37) . It requires students to recall their activities from each of the previous 3 days, beginning with the most recent day. Each day is segmented into 30 min time blocks (7:00 a.m. to midnight), which in turn are grouped into broader time periods such as morning, afternoon, and evening. The instrument provides a numbered list of commonly performed activities grouped into the following categories: eating; work; after-school, spare time, and hobbies; transportation, sleep and bathing, school, and physical activities and sports. For each day, students entered the main activity in which he or she participated during each 30 min period. The main activity was defi ned as the activity that occupied the majority of the 30 min period. After entering the activity number, students then rated the intensity of the activity as light, moderate, hard, or very hard. To help students select the most appropriate level of intensity, the instrument included cartoon illustrations depicting activities representative of each intensity level. The 3DPAR has documented evidence of reliability and validity among North American children and adolescents (19, 22, 24) and was recently shown to be both reliable and valid among Singaporean adolescents (17) .
Data Reduction
Each 30 min block on the 3DPAR was assigned a literature-based metabolic equivalent task value (MET) based on the reported activity and level of intensity (1) . If the participant made an incompatible response, such as the selection of sleeping as the main activity and an intensity rating of hard, the time block in question would be assigned an appropriate MET for that activity. If the student made four or more incompatible responses, it was assumed that he or she did not understand the rating scale and the scores were excluded from the analysis. Only two recalls were excluded from the study because of four or more incompatible responses. The use of MET codes derived from primarily adult studies represents a limitation. However, given the absence of a suitable alternative for the pediatric population and the mean age of the adolescents participating in the study (14.9 ± 1.2 years), we considered our use of the Compendium of Physical Activities to be a reasonable compromise.
MET values from all 34 blocks were averaged to derive an estimate of mean activity level for that day. In addition, the number of blocks in which the primary activity was 3 METs or greater and 6 METs or greater were counted to provide an index of daily participation in moderate-to vigorous physical activity (MVPA) and vigorous physical activity (VPA), respectively. Screen time, an indicator of media-based sedentary behavior, was calculated by counting the number of blocks in which the primary activity was watching television, using the Internet, or playing video games. To calculate the prevalence of specifi c activities, students were judged to have participated in a specifi c physical activity if he or she reported at least one 30 min block of that activity on at least one of the three days assessed by the 3DPAR.
Guidelines for Physical Activity and Sedentary Behavior
Based on the responses to the 3DPAR, students were classifi ed as active or insuffi ciently active according to a moderate-to-vigorous and a vigorous physical activity standard. The moderate-to-vigorous activity standard classifi ed students as active if they averaged two or more 30 min blocks of at least moderate-intensity physical activity per day over the 3-day assessment period. This criterion was considered consistent with contemporary guidelines for youth physical activity calling for an accumulation of 60 min of at least moderate-intensity physical activity daily (30) . The vigorous activity standard classifi ed students as active if they averaged one or more blocks of vigorous-intensity physical activity per day across the 3-day assessment period. This criterion was considered consistent with traditional guidelines for promoting cardiorespiratory fi tness (27) . For sedentary behavior, we adopted the recommendation from the American Academy of Pediatrics, which states that total media time be limited to no more than 2 hours per day (3). Students were considered to be in violation of this recommendation if they reported an average of four or more 30 min blocks of screen time across the 3-day assessment period.
Statistical Analysis
All data were analyzed using STATA version 7 (STATA Corporation, College Station, Texas). For each of the study variables, means or percentages and their corresponding 95% confi dence intervals were calculated for the total sample and by population subgroups defi ned by gender and grade level. To obtain standard errors that take into account the stratifi cation by region and the clustering of students within schools, STATA "svy" commands were used in all analyses. Differences were considered signifi cant if the 95% confi dence intervals did not overlap.
Results
Participants
The sampling design resulted in the selection of 1,902 students, all of whom agreed to participate in the study. Of these students, 73 were absent on the day of testing, resulting in an initial sample of 1,829 students (96.2%) from grades secondary 1 through secondary 4. After the exclusion of two students with nonvalid 3DPAR data, the sample was reduced to 1,827. The fi nal sample consisted of 481 students in secondary 1 (mean age 13.4 ± 0.3), 461 students in secondary 2 (mean age 14.4 ± 0.3), 447 students in secondary 3 (mean age 15.5 ± 0.3), and 438 students in secondary 4 (mean age 16.4 ± 0.2). The descriptive statistics indicated that the demographic characteristics of the sample remained unchanged after the exclusion of students for reporting errors. The sociodemographic characteristics of the sample relative to Singaporean census data are shown in Table 1 . Compared to the national average, the school-based sample included more Chinese students and fewer Malay and Indian students. In addition, a greater percentage of participating students were from higher socioeconomic backgrounds, as measured by type of housing. Table 2 displays the means and 95% confi dence intervals for the continuous 3DPAR variables: mean METs, number of MVPA blocks, number of VPA blocks, and blocks of screen time.
3DPAR Variables
Mean METs. Averaged across both gender groups and all grade levels, the mean MET level over the 3-day recall period was 1.90. Averaged over all grade levels, mean MET scores were signifi cantly greater in boys than in girls (1.98 vs. 1.83 METs). Within each grade level, MET scores were consistently higher in boys than in girls; however, only the gender differences observed in secondary 3 and secondary 4 students were statistically signifi cant at the 0.05 level. Mean MET levels fl uctuated with grade level: Students in secondary 1 and secondary 3 exhibited higher MET scores than students in secondary 2 and secondary 4. Mean MET scores were highest among boys in secondary 1 and 3 (2.03 METs) and lowest among girls in secondary 4 (1.76 METs).
MVPA. On average, Singaporean adolescents reported just over three blocks of MVPA daily (3.2 blocks/day). Averaged over all grade levels, boys reported signifi cantly greater participation in MVPA than girls (3.5 vs. 2.8 blocks/day). Within each grade level, boys consistently reported greater MVPA than girls; however, none of the within-grade gender comparisons were signifi cant at the 0.05 level. The magnitude of the gender difference in daily MVPA ranged from 11.8% in secondary 4 to 29.0% in secondary 2. For both boys and girls, participation in MVPA fl uctuated with grade level: Students in secondary 1 and secondary 3 reported greater participation in MVPA than students in secondary 2 and secondary 4. Participation in MVPA was highest among boys in secondary 3 (3.9 blocks/day) and lowest among girls in secondary 2 and secondary 4 (2.6 blocks/day). Table 4 lists the 10 most prevalent physical activities reported by Singaporean adolescents. For the entire sample, walking for transportation was the most commonly performed activity, reported by just over 53% of all adolescents completing the survey. The second most prevalent activity was household chores (22.1%).
Proportion of Students Meeting Guidelines
Prevalence of Different Forms of Physical Activity
Basketball and jogging or running were tied for third as the most commonly performed activity (17.8% of adolescents reported participation in this activity over the 3-day recall period). For boys, the activity with the highest participation rate was walking for transportation (51.7%), followed by basketball (28.0%), soccer (21.4%), jogging or running (17.8%), household chores (15.1%), walking for exercise (11.9%), bicycling (10.8%), badminton (10%), swimming (9.1%), and group marching (7.2%). For girls, the activity with the highest participation rate was walking for transportation (55.2%), followed by household chores (29.4%), jogging or running (17.9%), walking for exercise (17.1%), swimming (9.8%), dancing (9.7%), bicycling (7.8%), badminton (7.6%), basketball (7.3%), and group marching (6.8%).
Discussion
This study sought to document the level of physical activity and sedentary behavior in a population-representative sample of Singaporean high school students. Our fi ndings indicate that a signifi cant percentage of Singaporean adolescents are insuffi ciently active: Approximately 37% of students reported less than the recommended 60 min of daily MVPA and approximately 50% reported no participation in VPA on a daily basis. Across all grade levels, girls were less active than their male counterparts. Girls, on average, reported approximately 20% less daily MVPA than boys. Additionally, Singaporean adolescents, on average, reported more than 3 hours of electronic media use daily, an amount that far exceeds current guidelines. Collectively, these fi ndings underscore the need for effective population-level interventions to increase physical activity and decrease sedentary behavior in Singaporean adolescents.
In the present study just over half of Singaporean high school students met the guideline calling for regular participation in vigorous physical activity. This percentage is signifi cantly lower than the 62.6% reported for U.S. high school students participating in the most recent CDC Youth Risk Behavior Survey (8) and lower than the prevalence estimates reported for high school students in Canada (2) and Australia (4) . According to the more recent guidelines calling for at least 60 min of daily MVPA, approximately 63% of Singaporean high school students were classifi ed as suffi ciently active. This percentage is considerably higher than the 31% reported for 13-and 15-year-olds participating in the most recent World Health Organizationʼs HBSC survey, which evaluated compliance with the 60 min guideline in youth from 34 countries in Europe and North America (38) . While these comparisons are potentially useful for evaluating the status of physical activity participation in Singapore relative to other countries, such direct comparisons should be made with extreme caution. Indeed, differences in the sampling strategies, the domains of physical activity measured, and the approach used to quantify physical activity behavior make direct comparisons between surveys diffi cult if not impossible. The inability to compare national surveys will be remedied only by the establishment of an internationally agreed-on approach to measuring physical activity in young people. Currently, an international physical activity questionnaire exists for adults (10) , but to our knowledge, there is no such equivalent for children and adolescents. Accordingly, the development of an international physical activity questionnaire for children and adolescents remains a priority.
In agreement with the fi ndings of previous studies, boys reported signifi cantly greater participation in physical activity than girls. Currently, the factors that contribute to gender differences in physical activity are not well understood. One hypothesis is that gender differences in physical activity may be a function of boysʼ and girlsʼ preferences for activities. Results from two prospective studies of youth in the United States indicate that boys are more likely than girls to participate in moderate-to-vigorous team sports such as football, basketball, and soccer and less likely than girls to participate in more moderate-intensity individual activities such as dancing, cycling, in-line skating, and walking (6, 15) . However, this explanation does not appear to be plausible in Singaporean high school students, since boys and girls in this study reported participation in similar types of activities. Other investigators have examined whether gender differences in physical activity can be explained by differences in theory-based mediators of activity behavior. Evidence from this line of inquiry suggests that gender differences in physical activity are attributable, at least in part, to limited access to community-based sports and physical activity programs and, relative to boys, lower levels of perceived competence, physical activity self-effi cacy, enjoyment of physical activity, and perceived importance of sport and physical activity (35) . Collectively, these fi ndings suggest that programs to increase physical activity in adolescent girls should implement policies to increase access to moderate-to-vigorous sport and physical activity opportunities and adopt strategies to improve known mediators of physical activity behavior (e.g., self-effi cacy). In support of this concept, a recent school-based intervention study targeting adolescent girls in the United States reported a signifi cant increase in vigorous physical activity participation after implementation of a physical education curriculum that provided greater activity choices for girls and strongly promoted positive self-effi cacy and enjoyment of physical activity (25) Previous studies have reported a decline in physical activity over the adolescent years (8, 34) . In the present study, participation in physical activity was cyclical in nature, with students in secondary 2 and secondary 4 reporting lower participation in physical activity than students in secondary 1 and secondary 3. This "up-and-down" pattern may be related to the scheduling of major academic examinations during the second and fourth years of secondary schooling. Given the strong emphasis Singaporean society places on academic performance, it is likely that students in these grade levels were devoting a greater percentage of their discretionary time to academic pursuits, leaving less time available for participation in sports and other physical activities.
The prevalence of media-based sedentary activities such as television watching and video-game playing in a representative sample of Singaporean adolescents has not been previously reported. Our results indicate that the majority of high school students in Singapore exceed the recommended maximum of 2 hours per day of electronic media use. This fi nding is cause for concern given evidence that excessive television watching contributes signifi cantly to the development and maintenance of obesity by displacing time for physical activity and increasing exposure to and intake of energy-dense foods of low nutritional value (18, 26) . Obesity prevention continues to be a priority for public health offi cials in Singapore. Unfortunately, the current scientifi c literature provides relatively little guidance on how to prevent overweight and obesity in children and adolescents (31) . The fi ndings of this study suggest that programs to combat childhood obesity in Singaporean adolescents must include strategies to decrease electronic media use. In support of this assertion, two studies conducted in the United States have reported a signifi cant reduction in BMI change or overweight prevalence after implementing strategies to regulate and decrease daily television watching in youth (14, 26) . Consequently, controlled studies to evaluate the effectiveness of programs to limit television watching and other electronic media in Singaporean youth are needed.
As noted earlier, the results of this study suggest that policies and programs to promote regular physical activity in Singaporean adolescents are urgently needed. Schools are an ideal setting in which to implement such programs because they reach most children and adolescents, have the necessary equipment and facilities to provide activity programming, employ trained staff with an ongoing interest in health and wellness, and are able to articulate with stakeholders in the community such as parents, medical professionals, and community-based physical activity organizations (7) . A logical starting point for schools is to modify the existing physical education curricula so that the percentage of class time engaged in MVPA is increased signifi cantly. Evidence from intervention studies conducted in the United States suggests that this goal can be achieved by either changing the type of activities taught or modifying the rules of games so that students can be more active (16) . Other opportunities for schools to increase participation in physical activity include provision of active recess periods, inclusion of structured and unstructured physical activity experiences in after-school programs, and provision of competitive and noncompetitive intramural or club sport and activity programs (7) . School physical education programs may also foster greater participation in physical activity by developing studentsʼ mastery of the behavioral skills necessary for adopting and maintaining a physically active lifestyle. These skills include self-assessment, self-monitoring, decision making, goal setting, communication, and identifying and managing barriers. The results from three recent intervention trials involving high school students in the United States (11, 12, 23) suggest that behavioral skill training is effective in promoting physical activity and is worthy of further exploration and testing in the Singaporean context. This study had a number of limitations that warrant consideration. First, the cross-sectional design of the study made it impossible to infer causal relationships between grade level and physical activity behavior. Second, the two-stage cluster sampling design yielded a sample with a marginally higher proportion of Chinese students and students living in private homes and apartments compared to that of offi cial census data. Third, although we thought it was important to examine compliance with contemporary physical activity guidelines, it should be acknowledged that the scientifi c evidence supporting these guidelines is limited, and the exact dose of physical activity required for health benefi t among children and adolescents remains unknown. Finally, because all data were collected over a 3-week period, we were unable to determine the effects of seasonality on physical activity participation. However, given Singaporeʼs stable year-round climate, seasonal effects in physical activity behavior are unlikely. These limitations were offset, at least in part, by the strengths of the study. These included the large and representative sample of high school students and the use of a physical activity instrument with established validity and reliability in Singaporean adolescents.
In summary, a signifi cant proportion of Singaporean adolescents do not meet current guidelines for physical activity and sedentary behavior. Low levels of physical activity are particularly problematic in girls and in students preparing for major academic examinations during their second and fourth year of secondary schooling. Within Singapore, controlled intervention studies are needed in order to test the feasibility and effectiveness of school-and community-based promotion strategies that have been shown to be effective in North American adolescents.
